INTRODUCTION
The use of allogeneic blood transfusion during surgery has improved outcomes and saved countless lives. However, blood transfusion is not without risk. Risks of a blood transfusion include allergic reactions, infectious diseases, acute or delayed hemolytic reaction, and transfusion-related immune modulation (TRIM) [1] . Furthermore, studies have linked perioperative allogeneic blood transfusions with poorer outcomes such as increased postoperative complications and mortality [2, 3] . Patients with malignancies undergoing surgery are frequently anemic or the anticipated blood loss during surgery may be large, and as such the transfusion threshold is relatively low. However, a number of studies have shown that a perioperative transfusion is associated with poorer oncological outcomes, such as cancer recurrence [4] [5] [6] [7] [8] . While the pathophysiological mechanism is not entirely clear, it is thought to be related to an altered immune response as a result of TRIM which changes the body' surveillance for malignant cells. [3] Colorectal cancer (CRC) is potentially curative by surgery. Patients with a metastatic disease confined to the liver also have the potential for a curative surgery such as hepatic lobectomy or hepatic metastectomy [6] . However, these patients are at an increased risk for a perioperative transfusion, and thus the effect of a transfusion on surgical and oncological outcomes is an area of study. A number of studies have indicated that patients with CRC undergoing colon resection and/or surgical treatment of liver metastasis who receive a perioperative allogeneic transfusion have increased mortality, reduced overall survival, reduced disease free survival, more postoperative complications, and longer length of hospital stay [4, [9] [10] [11] [12] . Studies, however, have not been consistent in all of their findings.
Thus, the purpose of this study was to use a United States nationwide populationbased database to identify factors associated with transfusing blood, and to examine the impact of perioperative transfusion in patients undergoing resection of CRC liver metastases. Analysis of the impact of perioperative transfusion in this population may help to assess the significance of appropriate blood management measures and transfusion avoidance strategies.
MATERIALS AND METHODS

Data source
Data for this population-based study were extracted from the United States Nationwide Inpatient Sample (NIS) database. The NIS was developed as part of the United States Healthcare Cost and Utilization Project (HCUP), which is sponsored by the Agency for Healthcare Research and Quality. The NIS represents a 20% sample of inpatient admissions from the 45 states that participate in the program. The NIS database contains over 100 clinical and nonclinical data elements from approximately 8 million hospital stays each year. Data available include primary and secondary diagnoses, primary and secondary procedures, admission and discharge status, patient demographic information, expected payment source, length of hospital stay, and hospital characteristics. The present study did not require either Institutional Review Board approval or informed consent by the study subjects because the NIS data are de-identified. We obtained permission to access the research data files of the HCUP program (certificate number, HCUP-1M44EVV39), and the data use agreement for the NIS from the HCUP Project was followed.
Study population and definitions
We first identified patients in the 2005 to 2014 NIS database who had a partial hepatectomy (ICD-9: 50.22) and/or hepatic lobectomy (ICD-9: 50.3). From this population, we identified patients with liver metastases (ICD-9: 197) from CRC (ICD-9: 153; 154.1, 154.8).
Patients with a history of blood transfusion (V58.2) or coagulopathy (CM_COAG) were excluded. Finally, the eligible patients were divided into two groups: those who received a perioperative transfusion (ICD-9: 99.0) and those who did not.
Dependent variables
Length of hospital stay (LOS) was defined using (LOS_X), and in-hospital mortality was defined using (DIED). In addition, patients with one of the following postoperative complications were recognized as positive with respect to overall postoperative complications: infection (ICD-9: 998.59); intra-abdominal abscess (ICD-9: 567. 
Independent variables
Patient demographic characteristics (age, sex, and race) and data of income status, type of admission, insurance status, hospital bed size, hospital location, hospital teaching status, and hospital region were collected from the NIS database. The following potential confounding variables were also examined with data extracted for the NIS database: hepatic precondition, primary tumor site, extent of liver resection, laparoscopic procedure, robotic-assisted procedure, and comorbidities (chronic anemia, congestive heart failure, chronic pulmonary disease, diabetes, hypertension, obesity, and renal failure). The definition of comorbidities used in this study was based on the NIS database. Variables CM_ANEMDEF and CM_BLDLOSS were used for chronic anemia. Variables CM_CHF and CM_CHRNLUNG were used for congestive heart failure and chronic pulmonary disease, respectively. Variables CM_DM and CM_DMCX were used for diabetes. Variable CM_HTN_C was used for hypertension. CM_OBESE and CM_RENLFAIL were used for obesity and renal failure, respectively.
Statistical analysis
Statistical review of the present study was performed by a biomedical statistician. Descriptive statistics were used to present patient demographic and clinical characteristics and hospital data, and are presented as unweighted counts and weighted percentages. Data were weighted according to recommendations from the Healthcare Cost and Utilization Project (HCUP), using three variables for weights (DISCWT), stratum (NIS_STRATUM), and cluster (HOSPID) to produce national estimates. Chi-square tests were performed to examine associations between characteristics and perioperative transfusion. To illustrate that patients who received a perioperative transfusion would have a greater risk of mortality and postoperative complications, and longer length of stay as reported in other studies [10] , we estimated the association between perioperative transfusion and mortality, postoperative complications, and length of stay by linear regression and logistic regression. Significant findings in baseline demographic, clinical, and hospital characteristics were selected and input into multivariate models. Finally, univariate and multivariate logistic regressions were performed to examine associations between perioperative transfusion and clinical outcomes and comorbidities with adjustment for demographic characteristics and hospital characteristics. Two-sided P-values < 0.05 were considered statistically significant. All statistical analyses were performed with SAS version 9.4 (Windows NT version, SAS Institute, Inc., Cary, NC, United States).
RESULTS
Study population
A total of 27269 patients who had a partial hepatectomy and/or hepatic lobectomy were initially identified in the 2005-2014 HCUP-NIS database. Of them, 3305 patients had liver metastases and CRC. After excluding patients with coagulopathy and a history of blood transfusion (n = 237), and patients who lacked data of length of hospital stay (n = 1050), 2018 patients were included in the study analysis ( Figure 1 ). G*Power was used to calculate the number of samples required, which revealed that the present study required at least 150 subjects, so the sample size of this study is sufficient. In addition, after applying weights, the analytic sample size was equivalent to a population-based sample size of 9991 individuals.
Patient demographic and clinical characteristics
The mean patient age was 59.75 years, with 1532 patients below the age of 70 (Table  1) . Of the 2018 patients, 480 had a perioperative transfusion, while 1538 did not. The non-transfusion group and the perioperative transfusion group were significantly different in age, sex, type of admission, insurance status, primary tumor site, extent of liver resection, chronic anemia, congestive heart failure, hypertension, bed size of hospital, and teaching status of hospital. A higher proportion of perioperative transfusion patients also had their primary tumor site in the colon (vs rectum) (83.59%), compared with patients who did not have a transfusion (77.64%). More patients with transfusions had hepatic lobectomies (29.81%), when compared to patients who did not have transfusions (21.60%). Comorbidities were also more prevalent in patients who had a perioperative transfusion, especially for the comorbidities of chronic anemia (36.37% vs 15.87%), congestive heart failure (5.02% vs 2.31%), and hypertension (46.32% vs 40.43%). Patients who had a transfusion were more likely to be in medium sized hospitals (21.12% vs 15.15%) and non-teaching hospitals (27.64% vs 18.46%).
Factors associated with perioperative transfusion
In order to identify the factors that were associated with perioperative transfusion, logistic regression models were performed (Table 2) . Univariate logistic regression analysis found that perioperative transfusion was significantly associated with age, sex, type of admission, insurance status, primary tumor site, extent of liver resection, comorbidities, and teaching status of the hospital. Patients who were 70 years of age and above had a 1.5-times higher risk of getting a perioperative transfusion as compared to patients who were younger than 70 (95%CI: 1.19-1.88). Female patients had a 1.31-times higher risk of getting a perioperative transfusion as opposed to male patients (95%CI: 1.08-1.58). Patients who had an emergency admission had a 1.9-times higher risk of getting a perioperative transfusion than patients who had an elective admission (95%CI: 1.45-2.50). Patients who had a hepatic lobectomy had increased odds for perioperative transfusion as compared to patients who had a partial hepatectomy (OR = 1.54, 95%CI: 1.24-1.91). Furthermore, patients with chronic anemia, congestive heart failure, and hypertension had 2.98, 2.20, and 1.27 higher risks, respectively, of receiving a perioperative transfusion as compared to patients who did not have these conditions. In contrast, compared to users of Medicare/Medicaid, patients who had private insurance (OR = 0.65; 95%CI: 0.53-0.80) or were self-paid (OR = 0.49; 95%CI: 0.29-0.85) had a lower chance of receiving a perioperative transfusion. Patients whose primary tumor site was located in the rectum had a lower risk of having a perioperative transfusion compared to patients with a primary colon tumor (OR = 0.67; 95%CI: 0.52-0.87). Patients at teaching hospitals had a lower risk of receiving a perioperative transfusion than those at non-teaching hospitals (OR = 0.59; 95%CI: 0.46-0.76).
Multivariate logistic regression analysis found that only four factors retained their significant association with perioperative transfusion: emergency admission (aOR = 1.42; 95%CI: 1.07-1.87), hepatic lobectomy (aOR = 1.76; 95%CI: 1.42-2.19), chronic anemia (aOR = 2.62; 95%CI: 2.04-3.35), and teaching hospital (aOR = 0.75; 95%CI: 0.58-0.98).
Influence of perioperative transfusion on clinical outcomes
The frequencies of postoperative complications in the non-transfusion and perioperative transfusion group are shown in Table 4 . Both univariate and multivariate linear regression models revealed significant associations between perioperative transfusion and length of hospital stay (univariate: β = 2.01, standard error [SE] = 0.37; multivariate: β = 1.51, SE = 0.36). These results indicate that perioperative transfusion was associated with an increased length of hospital stay after adjustment for sex, type of admission, chronic anemia, congestive heart failure, hypertension, and hospital size.
The univariate logistic regression model showed significant associations between perioperative transfusion and in-hospital mortality (OR = 4.42; 95%CI: 2.05-9.51), and overall postoperative complications (OR = 1.69; 95%CI: 1.33-2.15). After adjustment for age, type of admission, extent of liver resection, and hypertension, multivariate analysis showed a significant association between perioperative transfusion and inhospital mortality (aOR = 3.38; 95%CI: 1.57-7.25). After adjustment for congestive heart failure and hypertension, multivariate analysis indicated a significant association between perioperative transfusion and overall postoperative complications (aOR = 1.67; 95%CI: 1.31-2.13).
DISCUSSION
The results of this study using data from the United States NIS showed that significant risk factors for receiving a perioperative transfusion were emergency admission, hepatic lobectomy, and chronic anemia, while having surgery at a teaching hospital was associated with a lower risk of receiving a transfusion. In addition, for patients with CRC undergoing surgery for hepatic metastasis, perioperative transfusion was significantly associated with greater in-hospital mortality, a higher rate of postoperative complications, and longer length of hospital stay.
The results of this study have confirmed the results of other studies of CRC, and are consistent with studies that have shown perioperative transfusions are associated with poorer outcomes in patients with lung cancer undergoing resection [8] , and patients with gastric cancer undergoing curative surgeries [7] . Importantly, this study identified factors associated with receiving a transfusion, which may assist in identifying patients in whom more intensive management may help to avoid a transfusion and thus obtain a better outcome.
It has become clear that perioperative allogeneic blood transfusions are associated with worse outcomes in patients with CRC who receive surgery. A recent systematic review and meta-analysis by Acheson et al [4] included approximately 21000 CRC patients, of whom 58% received a transfusion. The analysis revealed that allogeneic blood transfusion was significantly associated with increased all-cause mortality, cancer-related mortality, combined recurrence-metastasis-death, postoperative infection, surgical re-intervention, and longer length of hospital stay. Studies of patients who undergo surgery for CRC liver metastases have provided similar results.
A recent meta-analysis by Lyu et al [9] examined the outcomes of patients who received a hepatectomy for CRC metastasis. The analysis included 10621 patients, and the authors found that transfused patients had higher overall morbidity (OR = 1.98), higher mortality (OR = 4.13), longer hospital stays (OR = 4.43), reduced overall survival (RR = 1.24), and reduced disease-free survival (RR = 1.38). Another recent meta-analysis by Bennet et al [2] also reported that a transfusion in patients undergoing liver resection was associated with postoperative complications and decreased cancer survival.
The American College of Surgeons National Surgical Quality Improvement Program reviewed approximately 27000 cases of CRC surgery, of which 14% had blood transfusions [6] . They found that transfusions were associated with increased mortality (OR = 1.78), morbidity (OR = 2.38), length of hospital stay (mean difference 3.5 d), pneumonia (OR = 2.70), and surgical site infection (OR = 1.45). Interestingly, they found that the effect was dose dependent; patients who received a greater amount of transfused blood were more likely to have adverse events. Another study also reported that in patients undergoing hepatic resection for CRC metastasis, the operative mortality rate was 2.5% for patients who received one or two units of blood, 11.1% for those who received more than two units, and only 1.2% for those who did not receive a transfusion [10] . Other studies have also examined factors associated with receiving a transfusion. The aforementioned American College of Surgeons study found that predictors of a blood transfusion were hematocrit < 38%, open surgery, proctectomy, low platelet count, American Society of Anesthesiologists class IV or V, total colectomy, metastatic cancer, emergency surgery, ascites, and infection [6] . Schiergens et al [11] also examined factors associated with having a transfusion and found that female sex, preoperative anemia, major intraoperative blood loss, and major postoperative complications were independently associated with the necessity of a transfusion. The authors also reported that a perioperative transfusion was independently associated with earlier disease recurrence. An earlier study that examined 480 consecutive patients who underwent hepatic resection reported that a preoperative hemoglobin level below 12.5 g/dL, largest tumor more than 4 cm, exposure of the vena cava, an associated procedure, and cirrhosis were associated with the need for a transfusion [13] . The authors used these data to develop a transfusion risk score (TRS), and in a validation set, the area under the receiver operating characteristic curve was 0.89. A still earlier study demonstrated that prothrombin rate and the size of the liver resection were independently correlated with receiving a blood transfusion in patients with liver tumors undergoing resection [14] . Although it appears clear that perioperative blood transfusions are associated with worse surgical and oncological outcomes, the exact reasons remain to be determined. Current evidence suggests that TRIM, a complex immunological condition that results in transient immunosuppression, is involved [1, 3] . In addition to identifying factors associated with receiving a perioperative transfusion, efforts have been made to reduce the need for allogenic blood transfusions. Bui et al [15] examined "blood saving strategies" such as administration of aprotinin, low CVP anesthesia, use of the Pringle maneuver, and ultrasonic dissection in patients undergoing hepatic resection and reported that blood saving strategies decreased the estimated blood loss from a mean of 4500 mL to 1000 mL. Another study showed that preoperative autologous blood donation reduced the need for transfusion of homologous blood, as well as reducing the overall complication rate [16] . There are both strengths and limitations to this study. An important strength of the study is that it included a relatively large representative sample of patients from the United States, despite the relative rarity of the procedure. However, diagnoses were identified based on ICD-9 codes only, and coding errors and misclassifications might exist. In addition, the severities of the comorbidities were not known, as that information is not available in the database, and thus may confound the results. As a retrospective observational study, only associations can be demonstrated; causation cannot be determined. The primary aim of this study was to determine factors associated with a perioperative blood transfusion, and the findings may help surgeons and anesthetists anticipate the need for blood products during surgery. Examination of the long-term clinical and oncological outcomes was beyond the scope of this study.
In summary, patients with an emergency admission, hepatic lobectomy, chronic anemia, and who have surgery at a teaching hospital are more likely to receive a perioperative transfusion. Patients with CRC undergoing surgery for hepatic metastases who receive a perioperative transfusion are at a higher risk of in-hospital mortality, postoperative complications, and longer length of hospital stay. 
ARTICLE HIGHLIGHTS
Research background
Since perioperative allogeneic blood transfusion is associated with poorer outcomes, the risk of blood transfusion is high, including allergic reactions, infectious diseases, acute or delayed hemolytic reaction, and transfusion-related immune modulation. Previous studies have shown that perioperative allogeneic blood transfusion was associated with poor outcomes, such as increased postoperative complications and mortality. Patients with malignant tumors undergoing surgery often showed anemia. The amount of blood loss during surgery may be large, so the blood transfusion threshold is relatively low.
Research motivation
The use of allogeneic blood transfusion during surgery can improve outcomes and save countless lives. However, blood transfusions have higher risks, such as allergic reactions, infectious diseases, acute or delayed hemolysis, and transfusion-related immune regulation.
Research objectives
Based on above motivation, the study was designed to determine factors associated with perioperative blood transfusions and to examine the effects of perioperative blood transfusions on patients with colorectal cancer (CRC) metastasis undergoing liver resection.
Research methods
A total of 2018 patients were included from The United States National Inpatient Sample database, of whom 480 had a perioperative transfusion. Comorbidities such as chronic anemia, congestive heart failure, chronic pulmonary disease, diabetes, hypertension, obesity, and renal 
Research results
Emergency admission, hepatectomy, and chronic anemia were significantly positively associated with the chance of receiving a blood transfusion, but there was a significant negative correlation between the chances of undergoing surgery and receiving blood transfusions at teaching hospitals. Perioperative blood transfusions were significantly associated with increased inhospital mortality, overall increase in postoperative complications, and prolonged hospital stay.
Research conclusions
The results of this study demonstrated that in addition to hepatic lobectomy, emergency admission, chronic anemia, and surgery at a non-teaching hospital are more likely to receive a perioperative transfusion. In addition, the study provides an initial hit that patients with liver metastases who undergo perioperative transfusion are at a higher risk of hospital mortality, postoperative complications, and longer hospital stays.
Research perspectives
Based on this study, patients with liver metastasis who undergo tumor resection have a higher chance of receiving a blood transfusion, and a higher risk of hospital mortality. In future studies, it is worthwhile to continue to study the impact of liver resection area and extent on mortality in CRC patients.
